






















































































































interstate oil and gas pipelines. CP 
usage dates back to the early 1900s, 
and by 1974, the pipeline, oil rig, and 
shipping industries had been apply­
ing CP for over 50 years. 

Missouri's efforts were supported 
by the Federal Highway Administra­
tion's (FHWA) pilot demonstration 
program through technical and finan­
cial assistance. The FHWA later en­
dorsed CP as the only rehabilitation 
technique that stops corrosion in a 
salt-contaminated deck, claiming that 
its use could save billions of dollars. 

First CP Steps 
In 1975, Missouri rehabilitated its 

first seven bridges using the Stratfull 
method. A primary pancake anode 
was epoxied to the bridge deck and 
wired to a rectifier. The deck and 
primary anodes were then covered 
with a 2-in. layer of asphaltic coke 
breeze mixture, a high-carbon mate­
rial known as a good conductor of 
electricity, and overlayed with 2 in. 
(minimum) of porphyry aggregate as­
phaltic concrete as a wearing surface. 

"We know that the anode pad sys­
tem worked, but the coke breeze was 
susceptible to movement," reports 
Signal and Lighting Engineer Tom 
Ryan. "From an overlay point of view 
we sought a lighter weight system that 
would be easier to apply without mov­
ing as readily. When we installed the 
first system, people thought that CP 
would heat the deck," recalls Girard. 
"But we believed that through con­
tinued education of our people we 
could eventually get the true purpose 
and technology across to them." 

Ten years of monitoring and evalu­
ation followed, led by a team that in­
cluded Missouri's Highway and 
Transportation engineers, Dick Strat­
full, and Donald Jackson, senior proj­
ect manager, FHWA Demonstration 
Project Division. From 1975 to 1985, 
engineers monitored CP perfor­
mance with monthly testing and 
visual examination of the bridges. 
Test results confirmed that the sys­
tems were functioning well. 

Today five of the original seven 
coke asphalt bridges are in operation. 
The other two were recently disman­
tled during a project to widen the 
decks for accommodating increased 
traffic flow and larger trucks. Re­
moval provided an opportunity to 
more thoroughly evaluate CP per­
formance at this particular site. Initial 
examination of the slab and rebar on 
the first portion of the deck to be re­
moved confirms that CP has success­
fully arrested the spread of corrosion. 
However, the second portion - the 
middle part of the existing deck most 
remote from the pie-shaped anodes­
did have fracture planes. More exten-

sive evaluation will lead to a formal 
report within a year. 

"We're pretty well satisfied with 
these systems and think they have 
saved Missouri a great deal of 
money," reports Moberly. 

CP Advancements 
From 1984 to 1989, Missouri in­

stalled CP on an additional 119 voided 
slab and box girder bridges, leaving 
only 74 of the targeted 200 bridges re­
maining. 

During this time Missouri has 
stayed abreast of new advancements 
and refinements in CP technology. 
Following the pancake anode, the 
state moved next to a conductive 
grout method developed by the 
FHWA and installed in slot an.d 
mound designs. Then a different 
anode was used, a flexible polymeric 
material enclosing a stranded copper 
wire core. This system was covered 
with a latex modified or low slump 
concrete overlay. 

In 1986, Missouri began to install 
and monitor a promising new CP 
technique in conjunction with the 
FHWA demonstration program. This 
system, installed on major bridges 
and parking garages worldwide, uses 
a proprietary anode composed of a 
mixed precious metal oxide catalyst 
and sintered to a titanium mesh or 
ribbon form. This ELGARD anode is 
designed to be compatible within its 
surrounding concrete environment 
and can sustain the design current 
discharge for the life of the rehabilita­
tion - 25 years or longer. It can be 
installed with a wide variety of con­
ventional concrete covers and offers 
great redundancy in available electri­
cal paths. To date , Missouri has in­
stalled this titanium-based anode sys­
tem on 17 bridges. 

In the 15 years since Missouri's first 
CP installation, the state continues to 
carefully monitor and evaluate each 
system. "We like to tell others about 
the simplicity of the CP system, " says 
Bob Girard. "If you take the time to 
understand the system, conduct 
proper inspections to ensure that 
everything is installed and running 
properly, and keep good records, 
there is no reason why it shouldn't 
work," said Girard. 

He adds that the FHWA and man­
ufacturers provide helpful documents 
and "cookbook" procedures that are 
easy to understand and apply . " Pay 
attention to the manufacturer's in­
structions for evaluating the read­
ings," he says. 

During the first year following in­
stallation , Missouri monitors CP 
bridge projects monthly by collecting 
and analyzing readings for current 
flow , voltage, reference cell , and 

rebar probe activity. Adjustments are 
made as needed. 

Beyond the first year, bi-monthly 
readings generally are adequate, al­
though the structure's age can deter­
mine the monitoring frequency. Mis­
souri also conducts an annual de­
polarization test for each of its CP 
bridges. A simple technique , it in­
volves measuring the IR-free voltage 
change of the steel immediately after 
current shut-off and four hours later. 
If this change is about 100 millivolts, 
the steel is considered to be sufficient­
ly protected. 

Through continuous data collection 
and record keeping, Missouri engi­
neers also monitor the influence of 
environmental conditions. "You must 
look at system stability with respect to 
moisture conditions and understand 
that reading fluctuations may not re­
late to the cells themselves. Accurate 
data will reflect these environmental 
conditions and allow you to piece to­
gether the true picture," explains 
Girard. 

Properly maintained CP systems 
will work well. "However, if you don't 
take care of the system, problems oc­
cur," explains Ryan, who is responsi­
ble for the state' s electrical systems, 
including traffic signals and street 
lighting. He hastens to add that "the 
extra time and dollars needed for 
CP maintenance are small relative to 
maintenance of other bridges." 

The Critical Factor 
A good maintenance and monitor­

ing system will extend your bridge 
life, says Ryan. He believes that 
properly trained personnel who 
understand, maintain, and monitor 
Missouri's CP systems provide the 
critical factor to assure system integ­
rity. He explains that "The time and 
money necessary to train your per­
sonnel to use and evaluate these sys­
tems, and then make the necessary 
operating decisions are sound 
investments. And just like anything 
else involved in bridge maintenance, 
the information you gain can be 
applied to other bridges." 

Rectifiers are simple systems to 
understand, says Ryan , who adds 
that Missouri is considering remote 
monitoring of its rectifier systems. 
One option utilizes a hand-held 
gathering device that can download 
stored information directly to a com­
puter. 

" If we have a bridge that we feel 
doesn't justify replacing because the 
deck is fairly sound, CP is the only 
way to go," says Bill Brandel, senior 
structural detailer. "CP is still the 
cheapest system that is workable and 
will extend the life of the bridge over a 
number of years." DOD 
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NOTES: 

Data Taken By: 

-Iowa Department of Transportation 
Pennsylvania Avenue Bridge over 1-235 

Startup Data Sheet 

sos Rectifier Serial No: 920944 

Date: 10/2/92 Weather Conditions: Sunny, 65 Degrees Fahrenheit 

Reference Resistance DCmV Rebar 
Cell SN/RCN (DC) Anode/SN (AC) Static 
No. ohms ohms SN/RCN Anode/SN Potential 

(mV) vs Graohrte 
1 2 2123 0 58 00 188 -72 
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Zone Zone Voltage Current Output Reference Cell Rebar"On" Rebar "Instant Off'' 
No. (Volts) (Amps) No. Potential Potential 
1 2.5 3.2 1 -391 -339 

1'1 1 " ', 't ,, ':: ',, 
1
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, '" 111:·1:11~!: II, I !111iJ): 1 I~~ , 2 -467 -417 
3 3.3 3.2 1 -367 -240 

, , 'I ijj i I! 1 " I' :" "" "·~· i1~"1,,:"1"'1 !lo ''I' :11,1 ·1:1. u !,, 11J 1',:, .1~.i· r!r.,., .~ ''1,:· I· 11·1!1 •'1t1'1 • ., 
·. ,,, 'f('11114,11~:·11'l'J' ri"'il•,'·'l:·I :1, ',, •' ' ~~p,1 rill ' •'' ,i,' ' ,, 1,, " : '~1::1::~11 1!1if ·:1~f, r,'11,~1 '1 If: «;f 111;:: !1:1i1~1111i'lll'~iw11 ~ 2 -302 -161 

Reference Cell Ground Wire 1s the White Wire from the Shielded Twisted Pair 
Reference Cell Wire 1s the Black Wire from the Shielded Twisted Pair 
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• 
Data taken by: SDS 

Rectifier Serial No.: 920944 

Elapsed Actual 
Time.min. Time of 

" ,, 
' 

:. Readina 
I On Potential 0 814 
I Instant-Off Potential <1 sec 8·15 

1 816 
2 817 
3 818 
4 819 
5 820 
6 8 21 
7 822 
8 823 
9 824 
10 825 
20 835 
30 845 
40 8 55 
50 9 05 
60 915 
90 945 
120 10.15 
150 10 45 
180 1115 
210 11 45 
240 1215 

DELTA 

Iowa Department of Transportation 
Pennsylvania Avenue Bridge over 1-235 

Depolarization Test 

Rebar Static Potential 
RC mV = -mv vs. Reference Cell 

• 
- Date: 11 /13/92 

Weather: 28 Degrees F, Cold and Windy 

Zone No.1 Zone No. 2 Zone No. 3 NOTES Settings Before Testing 
Zone 1 3 2 A, 3 O V 
Zone 2· 3 2 A, 3 6 V 
Zone 3 3 2 A, 3 6 V 

RC-1 RC-2 RC-1 
mV mV mV 
695 872 929 
486 599 607 
410 505 495 
361 457 440 
333 427 405 
308 405 379 
291 388 361 
275 372 341 
262 360 330 
254 352 322 
249 347 317 
241 346 309 
199 301 270 
176 281 250 
164 270 239 
155 259 230 
150 252 223 
141 239 211 
142 224 200 
138 222 198 
132 216 194 
129 211 190 
125 206 186 

361 393 421 

RC-2 RC-1 
mV mV 
939 549 
667 262 
573 131 
530 86 
504 59 
488 41 
476 30 
465 22 
457 17 
453 15 
450 14 
445 12 
420 27 
404 46 
394 57 
384 64 
377 68 
362 71 
345 53 
342 54 
334 52 
328 50 
322 48 

345 214 

RC-2 
mV 
358 
117 
28 
2 
18 
25 
27 
26 
24 
22 
20 
16 
23 
53 
68 
76 
79 
77 
70 
68 
65 
62 
59 

58 

Settings After T est1ng 
Zone 1. 2 8 A, 2 4 V 
Zone 2 2 8 A, 3 O V 
Zone 3 3 2 A, 3 1 V 

Delta 1s the difference between readings at "Instant-Off' and "Time 240" 
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